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INTRODUCTION
Dental caries are among the most common diseases in the world. The link between oral diseases and the activities of microbial species that form part of the microbial flora of the oral cavity has been well established [1] . More than 750 bacterial species are present in the oral cavity; out of which, more than 50% are identified to be responsible for oral diseases. Anaerobic bacterial organisms, such as Porphyromonas gingivalis, Actinobacil-lus sp, Prevotella sp. and Fusobacterium sp. that reside in subgingival level, are responsible for periodontal diseases [2] . In periodontal diseases, the areas at or below the gingival crevice become infected and cause a cellular inflammatory response in the gingiva and the surrounding connective tissues. Many plant extracts are reported to be efficient against microbial and parasitic infections [4] . It is necessary to remove such types of inflammation from the teeth and bone and therefore, it is imperative to investigate plant extracts for elimination of periodontal infection [4] . Seeds have different types of proteins. Some of these proteins have antimicrobial properties, which play an important role in plant defense mechanisms. One of these proteins, Chitinase is present in high concentrations in seeds [7] .
Many people believe that herbal products cause less or no side effect compare to synthetic drugs [8] . Some plants are a potential source of phytochemicals that have antimicrobial properties present in new antibiotic prototypes [9] .
The major objective is to isolate active compounds, such as phytochemical and proteins responsible for this antibacterial activity [10, 11] .
Many researchers are attracted to antimicrobial proteins (AMPs) because of their use in antibiotics and antifungals. Antimicrobial proteins are present in simple and complex organisms, including single cell microorganisms [12] . AMPs are responsible for the growth, multiplication and spread of bacteria and allow plants and animals to resist infection by environmental bacterial species. The objective of this study is to investigate the inhibitory effect of the seed protein extracts from some medicinal plants on cariogenic organisms, under in vitro conditions, and in human red blood cells in order to provide a scientific validity for their use for controlling oral organisms. There are few data regarding bioactivity of seed protein extracts of medicinal plants against cariogenic microorganisms. The results may be useful in finding new costeffective antibacterial drugs of natural origin with different mechanisms of action from those in current use.
MATERIALS AND METHODS

Collection of plant materials
Different plant seeds were collected between June and July 2011 form different parts of Gujarat and the surrounding Vallabh Vidyanagar region (Table 1) . Disease free plant seeds were used to examine their anticariogenic and haemolytic activities.
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Extraction of seed proteins
Antimicrobial proteins were extracted from plant seeds using 10mM of sodium phosphate buffer (pH 7.0). The extraction was performed as described by Salahudin et al. in 2011 [13] with minor modifications. The buffer was prepared and seeds of all plants were grinded in pre-cooled mortar and pestle with extraction buffer in 1:3 ratios i.e. 1 gm of seed in 3 ml of buffer; and the extract was harvested in 50 ml centrifuge tube. This extract was centrifuged at 10,000 rpm at 4°C for 20 minutes. The crude extract isolated (supernatant) was saturated with 80% ammonium sulfate. Subsequently, this saturated crude extract was centrifuged at 13,000 rpm at 4°C for 30 minutes to pellet down the precipitated proteins. Pellet was further resuspended in the buffer and underwent purification of protein concentrate using dialysis bag.
Protein Purification
Bradford methodology was used to determine protein concentrations [14] . Different aliquots of appropriately diluted samples (10-50 μL) were mixed with 200µl crude extract to a total of 1 mL with distilled water at room temperature for 5 minutes. The absorbance was read at 595 nm, and the protein content was calculated with a bovine serum albumin (BSA) as standard. 
Cariogenic Bacterial Strains and Preparation of Inoculums
Bioassay for Antimicrobial Activity: Agar Well Diffusion Method
In the present study, we used 12 different plant seed extracts to test antibacterial activity. The antibacterial activity was studied by agar well diffusion method. From the stock, 100 mg of each plant extract was suspended in one milliliter of dimethyl sulfoxide (DMSO). In order to make agar plates, the Petri dishes were thoroughly washed using detergent, then dried and autoclave sterilized at 121 °C and 15 lbs pressure for 15 minutes. We subsequently poured 25 ml of sterilized selective medium into each sterile Petri dish and allowed it to solidify at room temperature. The plates were incubated at 37º C for sterility checking overnight. Agar plates were marked and divided into four equal parts, labeled for specific organism and extract number. One hundred microliter of fresh bacterial culture including 108 CFU/ml was spread on each agar plate with sterile glass spreader. A well 7 mm in diameter was punched off in the agar medium with sterile cup borer and subsequently was filled with 100 µl of respective plant seed protein extract. Plates were placed in the refrigerator for 30 minutes to allow the diffusion of the extracts and then incubated at 37°C (or prespecified temperature) for 24 hours or more, depending on the organisms, until the zone of inhibition appeared. The zone of inhibition (excluding well diameter) was measured as a property of antibacterial activity. Ampicillin, amoxicillin and tetracycline were used as standard at a concentration of 100 µg/mL. Bioassay was performed in duplicate and was repeated twice.
Minimum Inhibitory Concentration (MIC) Assay:
The MIC of the crude seed protein extract of Mimusops elengi against Staphylococcus aureus and Streptococcus pyogenes was evaluated by the two-fold serial broth dilution method previously described by Chattoapadhyay et al (1998) [16] . The MIC was tested in the concentration range between 2.92 mg/mL and 0.05 mg/mL. The MIC was defined as the lowest concentration of the crude extract, which gave no visible growth on the plate.
Kinetic Study of the Crude Seed Protein Extracts of Mimusops Elengi Against Staphylococcus Aureus and Streptococcus Pyogenes:
An overnight broth culture of Staphylococcus aureus and Streptococcus pyogenes was taken for the study and different assemblies were prepared for the kinetic study. The kinetic study used the standard protocol of Kareem et al (2008) [17] . The optical density (427nm) was determined at 60-minute intervals for six hours, using spectrophotometer to obtain both the curves of normal growth in culture flask and inhibitory effect in the test flask for Staphylococcus aureus and Streptococcus pyogenes. for 60 minutes at 37 o C. After the incubation period, it was centrifuged at 1,000 x g for 10 minutes to remove the intact erythrocytes. We then collected the released hemoglobin from 10 fold-dilution of the supernatant and measured at 540 nm. We calculated the percentage of hemolysis and expressed it as hemolytic activity. The following formula was used to find out the hemolytic activity.
Hemolytic Activity of Mimusops Elengi
% Hemolysis =
Where 'A sample' is A540 of red blood cells with peptide solution in PBS, 'A buffer' is A540 of red blood cells in PBS, and 'A max' is A540 of red blood cells with 1% (v/v) Triton X-100 in PBS. No hemolysis (0%) and full hemolysis (100%) were observed in the presence of PBS and 1% (v/v) Triton X-100, respectively.
Treatment of Mimusops Elengi Crude Seed Protein Extract by Proteinase K:
The crude extract was treated with proteolytic enzyme proteinase K. Proteinase K was added to 200 μL of crude extract (5.84 mg/mL protein), in which the ratio of protein substrate to proteolytic enzymes was 1:8. The treatment reaction was performed at 37°C for 20 hours [21].
After 10,000 rpm centrifugation for 5 minutes, the supernatant was collected and further used for antibacterial activity studies.
RESULTS
The sensitivity of crude plant seed protein extracts against the tooth decaying organisms (CA, LA, LC, SA, SMU and SP) was assessed by visualizing the presence or absence of inhibition zone and measuring the diameter of the zone of inhibition.
Antimicrobial Activity
The sensitivity of crude plant seed protein extracts against the tooth decaying organisms is shown in Figure 1 . All the selected plant seed protein extracts were found to be inactive against Candida albicans. Similarly, the plant seed protein extracts did not show activity against Lactobacillus acidophilus and Lactobacillus casei. Amphotericin, tetracycline and amoxicillin demonstrated 4, 5 and 3mm zone of inhibition against Staphylococcus aureus, respectively. Mimusops elengi seed protein extract had 16mm zone of inhibition against Staphylococcus aureus.
The zone of inhibition of the plant seed extract of Glycine wightii against this organism was 6 mm; which is a moderate level of activity in comparison with three antibiotics. Babu Shankar Ponnusha et al. Mimusops elengi seed protein extract showed the activity against Staphylococcus pyogenes. Amphotericin, tetracycline and amoxicillin demonstrated 8, 7 and 5mm zones of inhibition, respectively. Mimusops elengi seed protein extract showed 17mm zone of inhibition. Mimusops elengi seed protein extract was found to be much more effective in our study compared to the study by Disha (2010) using different organic extracts of seeds [19] .
Protein Content of Crude Extract from Mimusops Elengi Seeds:
One gram of dry seed of Mimusops elengi was extracted in 3 ml of 10mM Sodium phosphate buffer. The resulting protein concentration was 5.84 mg/ml. This concentration was reconfirmed by Nanodrop; showing same reading for the amount of protein present in the sample. 
Minimum Inhibitory Concentration (MIC):
Minimum inhibitory concentration values of the crude extract against these two strains were evaluated. In the case of Mimusops elengi seed protein extract, MIC values were 364.36µg/ml against Staphylococcus aureus and 182.19µg/ml for Streptococcus pyogenes. Mimusops elengi seed crude protein extract showed higher sensitivity towards Streptococcus pyogenes compared to Staphylococcus aureus. Mimusops elengi crude extract showed interesting antibacterial activities which could inhibit all tested gram positive microorganisms. A significant MIC value against the tested bacteria indicates that this extract has a high potential for widespread application.
Kinetics of Antibacterial Activity:
The study of the effect of plant seed protein extract of Mimusops elengi on the growth dynamics of Staphylococcus aureus and Streptococcus pyogenes was done in comparison with the normal growth (Figures 1 and 2) . We took the plant seed extract at doses equivalent to MIC. The population of both bacteria declined after the 2 hours (Figures 2  and 3 ). The microorganisms survived and the mechanism of action of the antimicrobial agents are poorly understood [20] . It was also noted that antimicrobial growth dynamics were both dose and time dependent and this is a more rational basis for determining optimal dosage for antimicrobial treatment regimens [21] .
Hemolytic Activity
Many antimicrobial peptides have been reported to show cytotoxic activity in eukaryotic cells. Mimusops elengi seed protein extract is tested for hemolytic activity against human erythrocytes. Mimusops elengi seed protein extract showed hemolytic activity against human erythrocytes in a dose-dependent manner.
The crude protein extract concentration causing 50% hemolytic activity compared to Triton -X-100 treatment equaled to 1.58mg/ml ( Figure 3 ).
%Hemolysis =
Where 'Asample' is A540 of red blood cells with protein extract in stock human erythrocyte suspension, 'Abuffer' is A540 of red blood cells in PBS, and 'Amax' is A540 of red blood cells with 1% (v/v) Triton X-100 in PBS. No hemolysis (0%) and full hemolysis (100%) were observed in the presence of PBS and 1% (v/v) Triton X-100, respectively. Thus, according to graph, HC50 value for the sample was1.58 mg compared to Triton X-100. HC50 value was about 10 times higher than the MIC value against Streptococcus pyogenes and four times that of Staphylococcus aureus (Figure 4 ). The Mimusops elengi crude seed protein extract after treatment with proteinase K revealed no further activity of the extract against both Staphylococcus aureus and Streptococcus pyogenes which confirms that the antimicrobial activity was only in the presence of fully structured protein and after its destruction or hydrolysis by enzyme the activity vanish (Table 2) .
DISCUSSION
This study concludes that use of 10mM of sodium phosphate buffer (pH 7.0) for the extraction is proficient for retrieving good amount of the protein from the plant sample and is a reli- Kinetic study further elucidates the kinetics of inhibition and confirms the inhibitory activity in the presence of the Mimusops elengi plant seed protein with respect to time. Treatment with Proteinase K confirms that the inhibitory activity was only due to the protein present in the sample because after its treatment with proteinase K sample lost its inhibitory activity against both organisms. Finally, hemolytic activity of the Mimusops elengi plant seed protein gives HC 50 value at a much higher range than the MIC values against both organisms and thus suggests its application as an herbal product in practice.
